Alpine species have in general received relatively little attention (Chamberlain et al. 2012) , not least compared to common farmland (Matson et al. 1997 , Benton et al. 2003 , Gregory et al. 2005 ) and forest species (Hanski 2005 , Gregory et al. 2007 ). Th is is despite the fact that alpine species and habitats are expected to change particularly rapidly during this century due to climate change (Huntley et al. 2007 , Gonzalez et al. 2010 , leading to an increased risk of extinction (Sekercioglu et al. 2008) . Recent studies have documented poleward and uphill range shifts, providing strong evidence that living organisms respond to current climate change (Th omas and Lennon 1999 , Parmesan 2006 , Brommer and M ø ller 2010 , Th omas 2010 . Most studies have only documented shifts at the edge of the distribution, whereas changes in the centre of gravity of the species ' abundance are rarely reported . Whereas several studies have shown rapid range shifts in alpine plants and invertebrates (Grabherr et al. 1994 , Parmesan 1996 , Pauli et al. 1996 , Luckman and Kavanagh 2000 , Wilson et al. 2005 , Kelly and Goulden 2008 , Chen et al. 2011 , Feeley et al. 2011 , studies of alpine vertebrates are to our knowledge few. Since the fi rst climate-driven extinctions in alpine areas have already been documented among amphibians (Pounds et al. 2006) , there is an urgent need for improved knowledge about the conservation status of alpine vertebrates in general.
In Costa Rica, Peru and the US Sierra Nevada mountains, several bird species have shifted their distribution uphill (Pounds et al. 1999 , Forero-Medina et al. 2011 , Tingley et al. 2012 ). In the Swiss Alps, around 35% of the bird species showed signifi cant upslope expansion during 1999 -2007 (Maggini et al. 2011 ), but in the Italian Alps, such a change was not detected despite a temperature increase of one degree during the 11-yr study period (Popy et al. 2010) . Th ere was no change in elevation boundaries in New York state birds between the 1980s and 2000s, despite the fact that birds were shifting their distribution polewards in general (Zuckerberg et al. 2009) . Th e general lack of large-scale data on abundance changes of alpine birds partly stem from the logistic diffi culties of monitoring birds in alpine regions. In their recent paper on the research status of alpine birds, Chamberlain et al. (2012) called for ' long-term monitoring programmes across a relatively broad area (a minimum of an entire mountain range) that could act as a baseline to monitor altitudinal shifts in bird communities in response to climate change, and environmental change more broadly ' .
Th e Fennoscandian mountain range spans through the whole of Norway, central and northern Sweden, and northernmost Finland (Fig. 1) , with some peaks reaching 2000 -2500 m. Notwithstanding the almost bird-free areas of bare rock and glaciers at the very highest altitudes, the mountain range is dominated by two very conspicuous habitats: mountain tundra (hereafter ' tundra ' ) and subalpine birch forest (hereafter ' birch forest ' ). Unlike in other parts of the world, birch forest forms the tree-line in the Fennoscandian mountains.
Given that global warming is predicted to continue, the extent, altitudinal position and habitat quality of both tundra and birch forest will most likely continue to change. In the southern part of the Fennoscandian mountain range, the treeline has shifted upwards with about 25 -90 m in the last century, although with large local variation (Kullman and Ö berg 2009) . Th e upward shift of pine Pinus sylvestris and other tree species will probably continue, and may aff ect the area presently dominated by birch forest. If so, it may decrease the overall area of tundra and birch forest, but there are many uncertainties involved (Kullman and Ö berg 2009 ).
Both the tundra and the birch forest have rather distinct bird faunas, not least in relation to each other. Many species are found mainly or only in one of these habitats. Given the ongoing climatic change it has been postulated that the birds of tundra should decline in numbers (Lindstr ö m and Agrell 1999, Huntley et al. 2007 , Virkkala et al. 2008 , but the extent of this decline is hard to predict because of the uncertainties outlined above. It is even less obvious how the birds of the birch forest will be aff ected, since changes in quantity and quality of the forest that may take place are less predictable. Nevertheless, as northern birds are predicted to experience loss of their breeding range due to climate Black dots are sites with data for at least two years and therefore included in the present study (n ϭ 262). White dots indicate newly established monitoring sites that have not yet been surveyed twice. Since the routes have been selected based on their dominating habitat, and there are routes systematically covering the total area of all three countries (not shown), the black and white dots give a representative picture of the extent of tundra and subalpine birch forest in Norway, Sweden and Finland. change (Virkkala et al. 2008) , we would expect to observe more negative than positive population trends among northern montane birds.
We here present population trends for 14 common bird species inhabiting tundra and birch forest, combining breeding bird survey data from Finland, Sweden and Norway for the period 2002 -2012 . Th e species trends are combined into a bird indicator (a multi-species trend; Gregory et al. 2005) , which supposedly represents the status of the bird life in general in the Fennoscandian mountain range. In addition, we have investigated if the population development diff ers between the two main habitat types: mountainous tundra and subalpine birch forest. Furthermore, in order to evaluate the hypotheses for on-going changes in Fennoscandian montane birds, we assessed if changes in migration behaviour could explain the population trends, since long-distance migrants have on average done poorly in Europe in the last decades (B ö hning-Gaese and Bauer 1996, Sanderson et al. 2006 , Gregory et al. 2007 , Brommer 2008 , Ottvall et al. 2009 ).
Material and methods
Our study period covers the years 2002 -2012, for which period there are relevant data from all three countries. Th e survey routes cover the full extent of the Fennoscandian mountain range, an area covering about ¼ million km 2 , with about 1600 km between the southwesternmost and northeasternmost routes (Fig. 1) .
Th e tundra habitat of the montane areas occurs at an altitude of about 1300 m in the south and at sea level in the far north. It is dominated by low vegetation such as various grasses (Gramineae), dwarf birch Betula nana and low willows Salix sp . Towards lower altitudes the tundra is gradually replaced by subalpine birch forest Betula pubescens ssp. czerepanovii . Th is normally very distinct vegetation zone, where single trees are seldom taller than 10 m, covers an elevation range of about 50 -300 m. At still lower altitudes the birch forest is gradually replaced by either spruce Picea or pine Pinus forest of the taiga zone (Kullman and Ö berg 2009) .
Given the distinct habitats and their distinct bird faunas (V ä is ä nen et al. 1998, Husby and K å l å s 2011, Ottosson et al. 2012 , Th ompson et al. 2012 , it was relatively easy to designate both routes and species to represent alpine birds in Fennoscandia. All survey routes are situated in tundra and/or birch forest.
Monitoring schemes and route selection
All data from Sweden originate from one single monitoring scheme for the entire period. Th e data from Norway and Finland originate from diff erent types of counts in 2002 -2005, but from 2006 onwards the main bulk of data come from almost identical sampling schemes in the three countries. Th e annual numbers of survey sites in each country are shown in Table 1 .
Finland
Th e Finnish data originate from two diff erent schemes. In the period 2002 -2012, six line transects at various locations in mountains have been surveyed as a part of the national bird monitoring scheme (4 -6 sites surveyed annually). In addition, in 2006, a countrywide system of 560 randomly chosen fi xed line transect routes was established (V ä is ä nen 2006). A route is 6 km long, shaped like a 1 ϫ 2 km rectangle. Surveys have been conducted between 9 June -9 July during early morning, normally between 4:00 and 9:00 am local time, in fair weather with weak or no wind. Th e surveyor should walk at a speed of 45 -60 min km Ϫ 1 depending on the density of birds (Koskimies and V ä is ä nen 1991, Lehikoinen 2013 ). Based on habitat descriptions, 33 of these fi xed line transects were considered to be in the montane areas. All were surveyed in 2006 -2012, and 17 of them were surveyed at least two years during this period (1 -13 sites surveyed annually). From this project, only those 17 transects were included in the trend calculations and used in the analyses together with the initial six line transects (Fig. 1) .
Sweden
Th e Swedish data stem from the so called fi xed routes ). In total 716 routes are distributed systematically over Sweden, with 25 km between routes in both north -south and west -east directions. Each route is an 8 km line transect, shaped like a 2 ϫ 2 km square. Th e survey starts in the southwest corner of the route at 4:00 am local summer time and the surveyor should walk at a speed not exceeding 30 -40 min km Ϫ1 . However, particularly in mountainous regions, speed may be lower than this due to diffi cult terrain. Accordingly, the surveyor returns to the starting point 5 -7 h later. All individual birds heard and seen along the route are counted. Th e surveyor is allowed to deviate up to 200 m from the planned route. When larger detours are needed, due to water bodies, steep slopes or glaciers, the counting stops and is resumed when the surveyor can get within 200 m of the line again.
Th e Swedish fi xed routes programme has been running since 1996. Th e aim is to survey each route annually, but so far the highest annual count has been 584. A total of 104 routes were considered montane routes (Fig. 1) . Given the large diff erence in altitude within many of the routes, some Swedish and Norwegian routes also contain stretches of spruce forest (in deep mountain valleys). Several routes are many tens of km from the nearest roads and have to be reached by helicopter. All 104 alpine routes have been surveyed at least twice, and on average 5.6 times in the with off spring is transformed into one pair; Koskimies and V ä is ä nen 1991). In general, most of the observations concern singing males. In Sweden, the survey unit is the number of adult individuals (males as well as females, but not young of the year). Accordingly, Swedish bird numbers are somewhat too high in direct comparison to Finnish and Norwegian numbers. We tested the potential importance of this by dividing Swedish numbers by 2.0 (assuming each observation concerned a pair of birds), 1.5 (assuming every second observation has concerned a pair of birds) and 1.0 (no transformation). Since the combined population trends were more or less uniform (Appendix 1), we decided to use the non-transformed Swedish numbers in the analyses. In all three countries, the montane areas are characterized by low human density, including ornithologists. In addition, the terrain is often diffi cult and many study sites are situated far from roads. Because of this, and in contrast to the volunteer-based monitoring in the southern or loweraltitude parts of Finland, Sweden and Norway, most surveyors of montane routes in the three countries are often paid.
Study species selection
Because we selected routes based on habitat, the species selection was fairly straightforward. We simply included the species most commonly recorded on the selected routes, typical for either the tundra or the birch forest habitat (V ä is ä nen et al. 1998). Given that many survey routes cover both tundra and birch forest and the surveyors have not assigned the exact position of each bird, it was impossible to assign each individual to a specifi c habitat. On the other hand, there is little overlap in species composition of the two habitats, which makes it easy to assign a given species to either of the habitats. Seven species are included for each habitat (tundra and birch forest). Altogether these 14 species made up 81%, 81% and 66% of all bird observations in the survey data of the mountainous regions in Finland, Sweden and Norway, respectively.
In the tundra group, four species exclusively occur in this habitat in Fennoscandia (Table 2) . Th e three other species have their population stronghold in alpine areas, 11 yr (range 2 -10). Th e timing of the surveys varied between 23 May and 19 July, with 90% carried out between 8 June and 7 July.
Norway
In Norway the collection of data in a randomized network of routes has been developed since 2005. Th is network includes approximately 500 sites randomly selected among 1030 sites distributed systematically over Norway in an 18 km northsouth and 18 km east -west network, and 267 of these include montane or sub-alpine habitats. Counting of birds is done by point counts at 20 points which are situated 300 m apart and form a 1.5 ϫ 1.5 km square. In addition, all observations of non-passerine birds (and a few pre-selected passerine species) observed while moving between the counting points are registered. Th e number of observations for each sampling route is the sum of observed pair equivalents of birds at the counting points (5 min counting period at each point) and while moving between counting points (K å l å s and Husby 2002). For some of the routes, the number of counting points can be less than 20 (but always Ͼ 12) because of reduced availability (lakes, cliff s, rivers, etc.). Generally counts are done between 23 May and 7 July, in suitable weather conditions and between 4:00 -10:00 am local time. Each route has its own standard procedure (order of counting points, date-interval suitable for counting, starting time, etc.), and sampling sites are identifi ed by the use of GPS. In total 125 of these routes are included in the trend analyses in this study as they have been counted at least twice in the period 2006 -2012. Th e breeding bird survey in the northeasternmost part of Norway has just started and is only partly included in this paper (Fig. 1) .
In addition we also included data from 10 survey routes from fi ve montane areas in Norway, surveyed annually during the period 2002 -2009 (two routes in each area, one in birch forest and the other in tundra). Th ese are point counts done at 20 points situated 250 -300 m apart along routes located to cover the relevant habitat types.
In Finland and Norway, the survey unit is a pair of birds and thus the birds observed are translated into pairs (observations of singing male, male and female together, or parent Table 2 . Common mountain bird species of Fennoscandia used in the analyses and their main breeding habitat (tundra or birch forest) and migration strategy (R ϭ resident, S ϭ short-distance migrant, L ϭ long-distance migrant, Cramp et al. 1977 Cramp et al. -1994 and average migration distance in kilometres (Methods). Species in bold are found exclusively in this habitat in Fennoscandia. Species marked with asterisk ( * ) have too few data in one of the countries. doing an analysis of variance (ANOVA) test using the additive slope as provided by TRIM (Gregory et al. 2007 ). Furthermore, we tested if the species-specifi c population trends were related to the log-transformed migration distance (log 10 (distance ϩ 1)), using linear regression. Th e migration distances were calculated based on information of ringing recovery atlases and distribution maps (distance between northern Sweden and mean wintering region of the species; Cramp et al. 1977 , Gilg et al. 2013 ; Table 2 ).
Results
By combining the ' Common breeding bird monitoring ' programs from Finland, Sweden and Norway, we identifi ed more than 400 survey plots suitable for monitoring breeding montane birds in the Fennoscandian mountain range (Fig. 1) . We present data on population changes for the period 2002 -2012 based on data from 262 of these plots. Th ese data showed that nine species declined signifi cantly, while none increased signifi cantly during the period (Table 3) . Th e montane bird indicator, the geometric mean of species-specifi c abundance indices for all 14 species, decreased by about 29% (21 -36, 95% CI) in 2002 -2012 (Fig. 2a) . In Finland, three species out of nine declined signifi cantly and one species showed a signifi cant increase. In Sweden, eight species out of 13 declined signifi cantly and none increased. In Norway, eight species out of ten showed a signifi cant decline and none increased (Table 3) . Th e long-term population trajectories of the species were very similar between the countries with respect to signifi cant population trends, and the species-specifi c population trends were always in the same direction in all three countries (Table 3) . Th e between-year variation in indices was also very similar in the three countries (Fig. 2b, 3) . Th e detrended annual Finnish index for the nine species (the residuals from a linear regression of the index on year) correlated signifi cantly positively with the corresponding indices from Sweden and Norway, respectively (r s ϭ 0.26, n ϭ 99, p ϭ 0.009, and r s ϭ 0.32, n ϭ 99, p ϭ 0.001; Fig. 3a -b) . However, the Swedish and Norwegian values showed the strongest intercorrelation (nine species, r s ϭ 0.50, n ϭ 99, p Ͻ 0.001; Fig. 3c) .
Th e general decline of species in the multi-national data set concerned both tundra and birch forest species, with no signifi cant diff erence between the groups (ANOVA, F 1,12 ϭ 1.35, p ϭ 0.27, Fig. 4a ). However, the indicator for long-distance migrants was less negative than that for shortdistance migrants and residents (ANOVA, F 1,12 ϭ 5.28, p ϭ 0.04, Fig. 4b) . Th e species trends were also highly signifi cantly correlated to average species-specifi c migration distance (F 1,12 ϭ 22.7, n ϭ 14, b ϭ 0.029 Ϯ 0.006, p ϭ 0.0005). Th is pattern remained signifi cant also after removing the two resident ptarmigan species from the analysis (F 1,10 ϭ 7.31, b ϭ 0.076 Ϯ 0.028, p ϭ 0.022).
Summer temperatures (the average for May -August) within the Fennoscandian mountain range increased in 1961 -2011 (Fig. 5a ). Although temperatures actually decreased within the shorter period 2002 -2011 1998 , Svensson 2006 , Ottosson et al. 2012 . Among the birch forest species, only the bluethroat Luscinia s. svecica is a subalpine birch forest specialist. However, among the remaining six species, three reach their highest densities in this habitat (Ottosson et al. 2012 ) and the others have prominent populations in the subalpine birch forest (Enemar et al. 2004) .
To be able to evaluate hypotheses for on-going changes in Fennoscandian montane birds, species were classifi ed either as long-distance migrants (spending the winter either in sub-Saharan Africa or in southern Asia), or shortdistance migrants (residents and species wintering in Europe, Cramp et al. 1977 Cramp et al. -1994 .
Weather data
Weather data for all survey plots included in calculating the indicator were retrieved from each country ' s meteorological institute. Data from approximately 100 Finnish weather stations were interpolated to a 10 ϫ 10 km grid of virtual weather stations (Ven ä l ä inen et al. 2005). Correspondingly, data from all weather stations around Sweden (approximately 300 stations spread evenly over the country) were interpolated to a 4 ϫ 4 km grid of virtual weather stations, using geo-statistic interpolation (Johansson 2000) . For the analyses, we selected the virtual site nearest each mountainous plot, resulting in 16 and 104 virtual weather sites for Finland and Sweden, respectively. From approximately 200 Norwegian weather stations measuring temperature and approximately 500 stations measuring precipitation, data were interpolated in a 1 ϫ 1 km grid providing a virtual weather site as close as possible to the middle of each survey route. For each site, we calculated the average of the May to August mean temperature and precipitation.
Analyses
We used log-linear regression (program Trends and Indices for Monitoring data, TRIM, Pannekoek and van Strien 2004, Ͻ www.ebcc.info/trim.html Ͼ ) to estimate annual bird abundances. We fi rst combined all survey locations from all three countries in species-specifi c analyses. For species which had annual data from all three countries, we used the country as a covariate, otherwise the abundance of species was analysed without a regional covariate ( Table 2) . As the number of study sites in each country was proportional to the amount of habitat in each area (Fig. 1) , there was no major bias in the regional sampling. Th e only sub-regions having a poorer coverage were northeastern Finland and Norway (Fig. 1) . In addition, we calculated country-specifi c trends for species which had at least four pairs observed annually (four individuals in the Swedish data). Th is allowed us to investigate the concordance of national species trends.
Combined species indices (used as the indicator) were calculated by taking the geometric mean of the speciesspecifi c yearly indices (TRIM) for the species involved. Standard errors for geometric means were computed from the indices and standard errors of individual species (Gregory et al. 2005 ). In addition, we compared the trends between the two species groups (tundra and birch forest) by It is known from single study sites in the Fennoscandian mountains that some of the indicator species, and also other montane species, have faced previous decadal-long declines in the latter half of the 1900s, from which they recovered rather quickly (Enemar et al. 2004 , Svensson 2006 . However, to our knowledge, such a general and simultaneous decline among the most common species in the Fennoscandian mountains has not been observed before, and the pattern is both striking and worrying. Whereas a period of 11 yr is too short to allow detailed analyses and interpretations of potential causes of annual population declines, we will nonetheless briefl y discuss some potentially important factors for consideration in future analyses.
A well-established pattern in European common birds is the disproportionate decline of long-distance migrants (B ö hning-Gaese and Bauer 1996, Sanderson et al. 2006 , Gregory et al. 2007 ). In contrast, the population trends of the fi ve long-distance migrants in our species pool were signifi cantly less negative than those of short-distance migrants and residents. Th erefore it seems unlikely that the overall population declines are caused by problems in the tropical wintering areas (Hewson and Noble 2009) . Interestingly, the diff erence between the migratory groups is similar to that of European farmland species, which also show a more dramatic decline in short-distance than in long-distance period was on average more than one degree warmer than the preceding period 1961 -2001 (8.3 ° C Ϯ 0.7 (SD) versus 7.2 ° C Ϯ 0.8 (SD), t-test t 49 ϭ 4.15, p Ͻ 0.001). Precipitation during the summer also increased in 1961 -2011 (Fig. 5b) . Annual variation was high, but on average 2002 -2011 tended to be wetter than the preceding 40-yr period (82.2 mm Ϯ 12.8 (SD) versus 73.7 mm Ϯ 13.2 (SD), t-test t 49 ϭ 1.83, p ϭ 0.074).
Discussion
Th is work presents for the fi rst time population trends for the common montane birds covering the whole Fennoscandian mountain range. Long-term species-specifi c population trends have previously been reported only from single sites within this mountain range (V ä is ä nen et al. 1998, Enemar et al. 2004 , Svensson 2006 , Nyholm 2011 . A majority of the species included in our study declined signifi cantly in numbers during 2002 -2012 . As these declines were synchronous in all three countries and occurred both in tundra and birch forest, one may suspect that they were driven by the same large-scale phenomena. Th e results are in line with previous studies from the US Sierra Nevada mountains, where the overall species diversity has declined during the 20th century (Tingley and Beissinger 2013) . Table 3 . Mean annual additive growth rates (and their standard errors) of 14 common mountain bird species of Fennoscandia in the whole area and in each country during 2002 -2012 calculated by the TRIM software. Species-specifi c annual sample sizes (n; Methods) in each country are also given. ' -' means that there were too few data to calculate the trend for that country. Signifi cantly decreasing or increasing population trends are in bold. (Table 1) .
Fennoscandian mountains (Kullman and Ö berg 2009 , Olofsson et al. 2009 , Ö berg and Kullman 2011 . Increased rainfall may also hamper breeding success (Newton 1998) , as the nesting sites of montane species are typically open and thus exposed to rain (Cramp et al. 1977 (Cramp et al. -1994 . It has been suggested that alpine and arctic birds will face increasing breeding challenges due to increased climate variability associated with climate change (Martin and Wiebe 2004) . For instance, climate can shape the timing of breeding and nestsite selection of ptarmigans Martin 1998, Wilson and Martin 2010) , which can aff ect predation risk of both the nest and the incubating females Martin 1998, Wilson et al. 2007) . Furthermore, climate change may alter the fi tness consequences of alternative life-history strategies within the alpine ecosystem, where individuals breeding at the highest elevations may have the lowest breeding success due to a shorter breeding season, but this may be compensated for by improved survival compared to individuals nesting at a lower altitude (Bears et al. 2008 ). On the other hand, the eff ect of climate on life-history characteristics has shown to be the opposite when comparing arctic and alpine regions. In ptarmigans, reproductive success increased and survival decreased from alpine regions to arctic areas in North America (Sandercock et al. 2005) . Changes in the forest composition are also possible drivers of population change. Pine has in recent times moved faster uphill than birch, and may hence replace some of the current birch belt (Kullman and Ö berg 2009) . However, predictions of future scenarios are hard to make since wind exposure, eff ects of snow, weather variability, geomorphological processes and herbivore-climate interactions most migrants in recent years (Vo ř í š ek et al. 2010). We also found that the species-specifi c population trends were negatively related to migration distance. Since migration distance is roughly proportional to the time that a species is spending on the breeding grounds, this indicates that species which are spending the least time in the breeding areas are doing relatively better.
Like in farmland birds (Gregory et al. 2005) , the main reasons for the population declines may thus be found on the breeding grounds and potentially outside the main breeding season. Whatever the true driving forces are behind the observed pattern, the general decline is in line with predictions for northern montane populations, at least for the tundra-dwelling species. Due to climate change, the suitable climatic niches of montane species are expected to retract northwards and uphill until the end of the present century (Huntley et al. 2007 , Tingley et al. 2009 ). Because population sizes and range sizes are typically strongly linked (Brommer 2008) , this means that retracting populations are likely to decline. In addition, current breeding population trends have been shown to mirror forecasted changes in climatic suitability in Sweden (Jiguet et al. 2013) , and, likewise, 91% of the montane birds species tracked changes in their climatic niche in the Sierra Nevada mountains (Tingley et al. 2009 ).
Available data also show a change in regional weather conditions during the last decades. Th e average summer temperatures during 2002 -2011 were about 1 degree higher than in the preceding 40 yr and precipitation was also higher in the latter period. Both factors are known to aff ect the vegetation structure and distribution in the . Geometric mean (bars indicating the 95% CI) of the abundance indices of montane birds from Finland, Sweden and Norway using (a) combined indices for birch forest (n ϭ 7 species, grey symbols) and tundra habitat (n ϭ 7, black), and (b) combined indices for long-distance migrants (LDM) (n ϭ 5, grey symbols) and the remaining species (short-distance migrants (SDM) ϩ residents) (n ϭ 9, black). (Table 1) .
mismatches and population declines have been shown to be greater in long-distance migrants compared to the other species. However, in northern Europe, long-distance migrants did not decline as severely as in western Europe (Both et al. 2010) . Nevertheless, the potential eff ect of invertebrate appearance on breeding birds in the Fennoscandian mountains is unknown. In some high Arctic areas, arthropod peaks nowadays occur earlier in the summer than before (Tulp and Schekkerman 2008) . Rodent abundance in northern Fennoscandia, especially Norway lemmings Lemmus lemmus , show high annual variation usually fl uctuating synchronously in three-to fi veyear cycles (Hanski et al. 1991) , and these cycles may be aff ected by climate change (Kausrud et al. 2008) . Rodents are important food for several birds of prey and skuas as well as mammal predators in the arctic, but the abundance of rodents is of importance also for other species. During high rodent densities some predators nearly exclusively base their diet on rodents, but during low rodent years, a larger proportion of predators, after years with good production and survival, need to switch to alternative prey. In tundra areas this alternative prey is typically eggs and young of bird species, but also adult individuals (Reif et al. 2001 , Tornberg et al. 2011 . Th e change in predation pressure due to rodent fl uctuations has been shown to aff ect the breeding success of waterfowl, waders and passerines (J ä rvinen 1985 (J ä rvinen , Sutherland 1988 ). However, the rodent population dynamics seem not to be responsible for the long-lasting willow ptarmigan population declines in northern Fennoscandia (Henden et al. 2011 ). Th us it seems quite unlikely that varying rodent abundance have aff ected the bird trends found during the last 11 yr in any major way.
Our fi ndings also showed that the two ptarmigan species experienced the most severe declines. Th ese two species are also game species, so hunting may have aff ected the population declines. However, in all three countries hunting has been regulated based on the population status and bag limits and shorter hunting seasons are imposed during periods of population decline. Hunting bags are not directly comparable with the breeding census data since the bag statistics include a large proportion of young, whereas the survey data concerned adult birds in beginning of the breeding season. Nevertheless, also the hunting bag from probably will aff ect the exact outcome. Due to the joint operation of all of these factors, some parts of the tundra are likely to remain treeless for a foreseeable future (Kullman and Ö berg 2009 , Olofsson et al. 2009 , Ö berg and Kullman 2011 , van Bogaert et al. 2011 .
Apart from changes in the distribution and area of whole vegetation zones, also their quality from the birds ' point of view may change. For example, global warming has expanded the distribution of insect pests on birches, which can cause large-scale defoliations (Jepsen et al. 2008 (Jepsen et al. , 2011 . Th is is not necessarily a drawback for the forest birds, since larval outbreaks form a crucial food source for some bird species (Lindstr ö m et al. 2005) . Defoliations like these can also result in an altitudinal descent of the treeline, which is possibly benefi cial for tundra birds (van Bogaert et al. 2011) .
Some uphill shifts of the tree line, at least in parts of the Fennoscandian mountainous area, have been recorded at the same time as the regional climate has become progressively warmer and wetter. In these areas, the amount of tundra has decreased and there has potentially also been a decrease in the quantity and quality of birch forest (Kullman and Ö berg 2009) . Mountain habitats are also aff ected by plant -herbivore interactions. Several of the observed shifts in treeline altitude, either upwards or downwards, have been attributed to decreased or increased grazing of semi-domestic reindeer, live-stock and herbivore geometrids (Olofsson et al. 2009 , Austrheim et al. 2010 , van Bogaert et al. 2011 . Clearly, the overall eff ects of climate change and grazing on alpine bird populations are complicated to predict, since the eff ects may diff er between areas and between bird species. Intensive grazing with reduction of shrub thickets is found to have major negative eff ects not only on the bird communities of shrub habitat specialists, but also for some open-nesting species (Ims and Henden 2012) .
Climate change may also have other impacts on breeding birds than through changes in the distribution and structure of vegetation zones. Mismatches between bird breeding phenology and peaks of invertebrate prey, extremely important for successfully rearing young in alpine areas, may lead to decreasing bird numbers at least in the short run Visser 2001, Knudsen et al. 2011 ). In western Europe, such (Fig. 1) . Th e boxes denote the time period for which bird census data were available.
Climate (BECC). Th e Directorate for Nature Management fi nances the Norwegian bird monitoring as a part of the Program for Terrestrial Monitoring (TOV). Comments of Petr Vo ř í š ek improved the clarity of the manuscript. Arco van Strien helped with the statistics and Markus Ö st kindly checked the English.
Finland and Norway has more than halved since the year 2000 ( Ͻ http://tilastot.rktl.fi /database/Tilasto/4_ Metsastys/8_Metsastys/8_Metsastys_fi .asp Ͼ , Ͻ www.dirnat. no/skogsfugl seminar/ Ͼ , accessed 29 June 2013). Th erefore, it could be that the bag statistics merely mimic the status of the populations rather than hunting being the main factor driving the declines. Nonetheless, the role of hunting as a factor in the population declines should be studied in more detail (Sandercock et al. 2011) .
Conclusions
Human activities, including climate change, are gradually modifying our environment. Knowledge about such eff ects on fauna and fl ora is crucial for the development of conservation strategies to minimize the loss of biodiversity and ecosystem services. Alpine and arctic habitats are expected to be particularly vulnerable to climate change (Gonzalez et al. 2010) . Th e Fennoscandian montane bird indicator presented here gives basic information about faunistic changes in one of the most extreme climatic environments of Europe (cf. Gregory et al. 2009 ), covering two diff erent habitat types: tundra and birch forest. As such, this indicator can fi ll an important gap among the already existing continental-wide bird indicators for farmland (Gregory et al. 2005) , forest (Gregory et al. 2007 ), climate change (Gregory et al. 2009) , and the several regional European bird indicators produced by the European Bird Census Council ( Ͻ www.ebcc.info Ͼ ). As far as we know, this may be the fi rst large-scale indicator for alpine birds. If the new schemes that started in 2005 and 2006 will continue as planned, data will be available for a high number of sampling sites (about 400) in the coming years. Th is probably means that data for a few typical montane breeding bird species additional to those included here can be added to the indicator. Th e indicator presented here suggests that Fennoscandian montane birds have declined substantially during the last 11 yr, which is in line with the predictions based on climatic forecasting suggesting that montane species in Fennoscandia will likely show declining population sizes and reduced range sizes in the future (Huntley et al. 2007 , Virkkala et al. 2008 , Jiguet et al. 2013 . Th e fact that long-distance migratory species do not stand out as particularly aff ected suggests that the main reasons for the decline may be found within the Fennoscandian mountain range itself. Figure A1 . Geometric mean of the abundance indices of 13 montane birds (Table 2) in cases where Swedish survey numbers were divided by 1.5, 2.0 or without transformation in 2002 -2012.
